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Abstract

Due to its high ability to absorb ultraviolet rays in a wide spectrum, zinc oxide has emerged as the most important element used in the manufacture
of sunscreens and cosmetics. This study aimed to determine the composition of zinc oxide nanorods and nanoparticles, as well as their impact
on UV ray absorption. This was done by using Field Emission Scanning Electron Microscopy (FESEM-EDS) and Ultra Violet (UV-Visible)
spectroscopy to look at sunscreen samples that had different amounts of zinc oxide added to them. We prepared two types of commercial zinc
oxide powder using a chemical bath deposition method. After characterizing samples of the two powders using FESEM-EDS spectroscopy,
various shapes emerged, with rods dominating in both powders. The length of the structure was 224.7 nm, 9.443 µm, and the diameter was 75.65
nm, 859.9 nm, respectively. The sun protection factor and the critical wavelength for the prepared samples were calculated using UV-Visible
spectroscopy to measure the absorbance. An increasing zinc oxide to a certain extent led to an increase in UV ray absorption in all regions of the
UV ray wavelength, with the ideal zinc oxide ratio being. The sunscreen had a concentration of 27.5%, and the use of zinc oxide provided broad
protection from ultraviolet rays in all samples at the critical wavelength. In conclusion, increasing zinc oxide concentration in sunscreen increased
the sun protection factor, critical wavelength, and UV ray protection.
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1. Introduction

Nanotechnology constitutes a comprehensive interdisci-
plinary field of inquiry. There has been progress and indus-
trial engagement in the domain of nanotechnology [1–3]. The
global economy has experienced remarkable growth during the
past decade [4, 5]. It is a transdisciplinary assemblage of
physical, chemical, biological, engineering, and electronic pro-
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cesses, materials, applications, and concepts, distinguished pri-
marily by scale [6, 7]. It involves the manufacturing, ma-
nipulation, and application of materials within a defined size
range. The range reaches a maximum of 100 nm [8, 9]. Nan-
otechnology may be regarded It includes four primary domains:
nanomedicine, nanofabrication, nanometrology, and nanomate-
rials (NMs)/nanoparticles (NPs) [10, 11].

Engineered nanoparticles (ENPs) can improve sunscreens,
paints, cosmetics, textiles, construction materials, electronics,
and personal care products due to their unique physicochemical
properties [12–15]. Nanotechnology improves the world econ-
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omy but poses health dangers. NP production, transportation,
and manipulation workers, as well as consumers and deliberate
users of NPs for medicinal, imaging, and gene delivery, may be
affected [16, 17].

Despite the lack of established human or occupational dis-
orders linked to engineered nanomaterials (ENPs), we must ad-
dress their risks [18, 19]. This constraint may be due to nan-
otoxicology’s youth and the lack of technique for human epi-
demiological investigations of manufactured nanoparticle ex-
posures. Given the weak association between particle mass
and particle number, most ambient air monitoring focuses on
particle mass, which may explain some human biomonitoring
research on engineered nanoparticles (ENPs) and their health
effects [20, 21].

In vitro methods are often used to estimate ENP exposure
concerns due to biomonitoring data shortages. Most in vitro in-
vestigations use acute exposure and high doses [22, 23]. These
acute toxicity studies may not be enough to extrapolate to ac-
tual exposure settings and assess engineered nanoparticle health
risks [24–26]. Given this problem, realistic exposure condi-
tions may involve in vitro long-term or chronic exposure to low
or harmless levels. Few studies have shown the importance of
low-dose in vitro chronic exposures to engineered nanoparticles
(ENPs) [27].

UV light can create vitamin D3 or be used with drugs to
cure psoriasis and vitiligo, but it can potentially cause skin
cancer [28, 29]. Common malignancies include skin cancer.
The global incidence of UV-induced melanoma and BCC/SCC
is growing [30–32]. Sunshine is a continuous light spectrum
with 45% UV, 5% visible, and 50% infrared [33, 34]. UV
runs from 100 to 400 nm. Long wave UVA (315–400 nm),
medium wave UVB (280–315 nm), and short wave UVC (100–
280 nm) are the three wavelength classes recognised by the
International Commission on Illumination [35]. The ozone
layer efficiently absorbs UVC and 95% of UVB up to 310
nm. However, UVA is not absorbed. Ozone layer depletion
increases UVB radiation worldwide. The majority of solar en-
ergy reaches humans as UVA. Long wave radiation darkens
melanin 1000 times faster than UVB and penetrates deeper
into the epidermis and dermis. UVA radiation too intense or
long can burn weak skin and damage corium structures, pre-
maturely aging it. Signs of early photoaging include wrin-
kles, wilting, laxity, sagging, uneven pigmentation, and dry-
ness [36, 37]. The shape, size, and concentration of zinc ox-
ide nanostructures significantly affect the UV absorption prop-
erties [37–40] and sun protection effectiveness of sunscreens.
Zinc oxide nanorods and nanoparticles were found to enhance
UV absorption across all UV wavelength regions. Specifically,
increasing the concentration of zinc oxide in sunscreen up to
an optimal level (27.5%) resulted in higher sun protection fac-
tor (SPF), increased critical wavelength, and broader UV pro-
tection. The structural characteristics—such as the rod-like
morphology and nanoscale dimensions—contributed to this im-
proved performance [41, 42].

Sunscreens prevent sunburn, but users may spend longer
time in the sun because they feel protected. This scenario
raises extra concerns. Because most sunscreens are UVB (290-

Figure 1: Steps and procedures used in the methodology sec-
tion.

320 nm), they sometimes contain short-wavelength UVAII
(320-340 nm) filters and change the UVR spectrum. Long-
wavelength UVR, 340 nm and higher, will increase if sunscreen
usage changes behavior and prolongs sun exposure. Sunscreens
prevent sunburn, but the threshold or dose-response for UVR-
induced effects on immunosuppression or DNA damage is un-
known. Finally, as sunscreens grow more popular and econom-
ical, questions about their long-term safety, especially in UVR,
have arisen [43, 44].

Zinc oxide has good chemical stability, electrochemical
coupling coefficient, radiation absorption spectrum, and pho-
tostability [45–48]. Zinc oxide is a semiconductor in groups
II-VI with a covalence between ionic and covalent. Its wide
power range (3.37 eV), high bond energy (60 mV), and ther-
mal/mechanical stability at ambient temperature make it suit-
able for use in electronics, optoelectronics, and laser technol-
ogy [41, 42, 49]. Wurtzite zinc oxide is hexagonal (space group
C6mc) with lattice parameters a = 0.3296 and c = 0.52065 nm.
The basic structure of ZnO is alternating planes of tetrahedrally
linked O2 and Zn2+ ions along the c-axis [49–52].

The aim of this study is to create a sunscreen that incor-
porates zinc oxide nanoparticles and nanorods, assess the sun
protection factor (SPF) and critical wavelength of all samples,
and ascertain the degree to which the zinc oxide addition influ-
ences these parameters.

2. Methodology

The method describes the preparation of a zinc oxide and
sunscreen mixture using distilled water and ethanol, and out-
lines the procedures for characterizing the samples using FE-
SEM and UV-Vis techniques. See Figure 1.

2.1. Samples preparation

In this research study, commercial zinc oxide powder
(Sigma Aldrich) was used, and zinc oxide was also made
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Figure 2: A solution of zinc oxide with distilled water and
ethanol.

by the synthesized chemical bath deposition (CBD) method
[53, 54], where zinc nitrite (NO3)2 and hexamine (C6H12N4)
were used in certain proportions for its manufacture. The sam-
ples were prepared by mixing commercial zinc with distilled
water, ethanol, and sunscreen. After weighing 0.6 g of commer-
cial zinc oxide powder with an electronic weighing machine,
we transferred it to a glass beaker, added 30 ml of distilled wa-
ter and 20 ml of ethanol, mixed the solution for an hour with a
magnetic stirrer, and then used an ultrasonic tank for 30 min-
utes to separate the suspended particles and remove impurities.
The maximum solubility of zinc oxide powder is observed in a
40% ethanol and 60% distilled water solution. Figure 2 illus-
trates the preparation of zinc oxide solution using commercial
zinc oxide powder, distilled water, and ethanol.

After making zinc oxide solution, 4 sunscreen samples were
made with ethanol and distilled water. The sunscreen was most
soluble in 60:40 distilled water and ethanol. All sample prepa-
ration will be explained in order. After preparing a 60:40 solu-
tions of distilled water and ethanol in the first sample, 1 ml of
sunscreen was transferred to a glass beaker using a fine syringe,
9 ml of the previously prepared solution was added, and 1 ml
of the previously prepared ZnO solution was added. This sam-
ple was labeled. The second sample, labeled (2ml), included
1 ml of sunscreen, 8 ml of distilled water and ethanol, and 2
ml of ZnO solution. The third sample, labeled 3ml, included 1
ml of sunscreen, 7 ml of distilled water and ethanol, and 3 ml
of ZnO. In the final sample, 1 ml of sunscreen was placed to a
glass beaker with 6 ml of distilled water and ethanol and 4 ml
of ZnO.

The Ultrasonic Tank cleaned and purified this study’s in-
struments before preparing samples. Using a magnetic hotplate
stirrer and magnetic stirrer bar, the samples were mixed for 3
hours to melt the sunscreen in all samples, which contained On
11 ml of the mixture in various amounts as described. After
preparing all the samples, it was noticed that their high den-
sity was diminished, so 1 ml of each sample was transferred
to a glass beaker and 8 ml of 60:40 distilled water and ethanol
solution was added, resulting in four diluted samples with the
same names. The samples were mixed again with a magnetic
hotplate stirrer and magnetic stirrer bar for 1 hour to mix the
solution components. The Ultrasonic Tank also separated solu-
tion particles and removed contaminants from all samples using

Figure 3: The prepared samples along with the pre-made dis-
tilled water and ethanol solution.

Figure 4: Materials and tools are used in the manufacture of
zinc oxide powder by chemical bath deposition (CBD) such as
Zn(NO3)2 and (C6H12N4).

high-frequency sound waves. See Figure 3.

2.2. Zinc oxide manufacture using Chemical bath deposition
(CBD) method

In order to prepare zinc oxide powder using the CBD
method, 1.49 g of zinc nitrate powder and 0.70 g of hexam-
ine powder were added to a glass beaker, weighed them using
an electronic weighing machine, added 100 ml of distilled wa-
ter, and used a magnetic stirrer to mix the materials for 3 hours.
Next, an ultrasonic tank was used for 30 minutes to separate
the solid particles from the liquid particles in the solution and
remove the impurities using the high-frequency sound waves
generated by the device. Finally, the solution was placed in a
water bath at a temperature of 85°C for 5 hours. After the zinc
oxide particles settle to the bottom, we use filter paper to sepa-
rate them from the water molecules. The filter paper is placed
in the funnel, the funnel is placed in a glass beaker, the solu-
tion is slowly passed from inside the funnel to filter out the zinc
oxide particles, and then the filter paper is heated with a filter
oven to get all the zinc oxide powder particles. See figure 4.

In this study, the molar equations were used to calculate the
amount of hexamine and zinc nitrite required to prepare zinc
oxide, with M for both elements set at 50 mM and a solution
volume of 100 ml. It turns out that the amount of zinc needed
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Table 1: Values of EE (λ) × I at a different wavelength [56].

Wavelength Value of EE × I
290 0.0150
295 0.0817
300 0.2874
305 0.3278
310 0.1864
315 0.0837
320 0.0180

to prepare the sample is 1.49 g, and the amount of hexamine
is 0.70 g, in addition to 100 ml of distilled water. The follow-
ing are the equations used to calculate the amount of zinc and
hexamine used in the manufacture of zinc oxide by the CBD
method:

M =
n
v
, (1)

n =
m

Mr
, (2)

where M is the molarity of ZnO solution, n is the number of
moles ZnO must be used, v is the volume of ZnO solution de-
sired in liter, m is mass of ZnO nanopowder required and Mr is
the relative molecular mass of ZnO.

3. Determination the values of Sun protection factor (SPF)

The SPF is a quantitative measurement of the effectiveness
of a sunscreen formulation. To be effective in preventing sun-
burn and other skin damage, a sunscreen product should have
a wide range of absorbance between 290 and 400 nm. The in
vitro SPF is useful for screening tests during product develop-
ment. This study employed a single sunscreen product, fixed
the sunscreen percentage in four samples, and added zinc oxide
in varying amounts to these samples. UV spectrophotometry
evaluated the sunscreen samples using the Al-Mansour mathe-
matical equation [55].

S PF = CF × [EE(λ) × I(λ) × Abs(λ)], (3)

where EE (λ) is erythemal effect spectrum, I (λ) is solar inten-
sity spectrum; Abs (λ) is absorbance of sunscreen product, CF
is correction factor (= 10).

Table 1 shows the absorbance values of the samples and the
SPF values after calculating them using the Al-Mansour math-
ematical equation.

4. Critical wavelength (CW)

The critical wavelength (CW) of the samples characterized
was studied using the ultraviolet-visible device to obtain the
best benefit from the sunscreen. Each sample contained a fixed
concentration of sunscreen and a different concentration of zinc
oxide.

Using the critical wavelength (CW) of samples, particu-
larly in UV-Vis spectroscopy and related analytical methods,
offers several important benefits, especially when evaluating
materials like sunscreens, polymers, or coatings. Critical wave-
length is commonly used in sunscreen testing to quantify broad-
spectrum UV protection. A product is considered ”broad-
spectrum” if its CW is ≥ 370 nm (based on FDA and ISO stan-
dards). This ensures protection not just against UVB (280–315
nm), which causes sunburn, but also UVA (315–400 nm), which
contributes to aging and skin cancer.

The FDA has approved CW after evaluating the cost and
effort of UVA or broad-spectrum sunscreen [57].∫ λ

290
Aλdλ = 0.9

∫ 400

290
Aλ dλ. (4)

Equation (4) was applied to the absorption values obtained
from UV spectroscopy, and the CW value was determined for
each sample. The Origin 2018 program was used to estimate
the integrals and calculate the CW values.

5. Results and discussion

This section will explain how FESEM/EDS examined the
morphology of commercial ZnO and ZnO powder made using
the CBD method.

5.1. Structural analysis of commercial ZnO

Figure 5(a) depicts the Energy-dispersive X-ray spec-
troscopy (EDS) at 10 keV to determine the relative atomic ratio
of ZnO powder. Various forms of ZnO powder, such as rods,
grains, and sheets, were found in the rod structures that were
prevalent, and the diameter and length were measured, as the di-
ameter was 75.65 nm and the structure length was 224.7 nm, ac-
cording to the FESEM micrographs in Figure 5(b). The hexag-
onal shape of the ZnO structures in Figure 5(b) also showed that
the ZnO powder was crystalline wurtzite. FESEM-EDS Figure
5(a), which determined the proportion of ZnO powder composi-
tion, suggests a greater degree of ZnO purity. The visible peaks
identify the Zn atom at 1 keV, 8.62 keV, and 9.58 keV, respec-
tively, and the O atom at 0.51 keV. Moreover, in terms of atomic
percentages and weight, the O: Zn ratio was 0.896 and 0.22, re-
spectively. This result indicates that the oxygen atom content in
this powder is lower than the zinc atom content, which is most
likely due to defect development during the zinc oxidation pro-
cess. Excess zinc can be ascribed to crystalline ZnO inherent
defects such as oxygen vacancies and zinc interfacial materials
[58].

The Energy-dispersive X-ray spectroscopy (EDS) at 10 keV
revealed the relative atomic ratio of elements in the ZnO pow-
der. The Field Emission Scanning Electron Microscopy (FE-
SEM) micrographs showed that the ZnO powder exists in var-
ious morphological forms, including rods, grains, and sheets,
with rod-like structures being the most prevalent. These rod
structures had an average diameter of 75.65 nm and a length of
224.7 nm.
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(a) Field Emission Scanning Electron Microscopy with Energy
Dispersive X-ray Spectroscopy (FESEM-EDS) analysis of com-
mercial zinc oxide, showing elemental composition.

(b) FESEM micrograph depicting the surface morphology of
commercial zinc oxide.

Figure 5: (a) FESEM-EDS analysis of commercial zinc oxide.
(b) FESEM micrograph of commercial zinc oxide.

Figure 6(a) displays EDS at 10 keV that was used to fig-
ure out the relative atomic ratio of ZnO powder made by the
chemical bath method. Figure 6 (B) shows FESEM images of
ZnO powder. Most of the shapes were rod-shaped, and their
structures were much bigger than rods in commercial zinc ox-
ide. The structures had a diameter of 859.8 nm and a length of
9.443 µm. The FESEM-EDS analysis presents the percentage
of ZnO powder composition in Figure 6(a), indicating a higher
level of ZnO purity. The visible peaks indicate the Zn atom at
1 keV, 8.65 keV, and 9.59 keV, and the O atom at 0.50 keV, re-
spectively. Moreover, the ratio of O: Zn in the measurement of
atomic percentages and weight was 0.70 and 0.17, respectively.

This result indicates that the oxygen atom content in this
powder is lower than that of zinc, likely due to the formation of
defects during the zinc oxidation process, as observed in com-
mercial zinc oxide. Furthermore, the UV performance can also

(a) FESEM-EDS analysis of zinc oxide synthesized via the chem-
ical bath method, highlighting elemental composition.

(b) FESEM micrograph showing the surface morphology of zinc
oxide produced by the chemical bath method.

Figure 6: (A) FESEM-EDS analysis of synthesized zinc oxide.
(B) FESEM micrograph of synthesized zinc oxide.

be influenced by the particle size of ZnO nanorods. Particles
smaller than 100 nm can effectively attenuate UV rays, thereby
enhancing skin transparency and enhancing cosmetic values.
ZnO nanorods have particle sizes between 61-70 nm, which are
smaller than the UV wavelength, allowing them to absorb both
UVB and UVA rays [59, 60].

5.2. Optical absorption analysis

A UV-visible device checked which samples of commercial
zinc oxide dissolved in distilled water and ethanol at a 60:40
ratios were the best at blocking ultraviolet rays, especially those
with a wavelength of 300 nm or more as shown in Figure 7.

Interpretation of the spectra is done by high absorbance at
characteristic ZnO wavelengths (e.g., ∼360–380 nm) suggests
ZnO is well-dispersed in the solvent. Moreover, low or no ab-
sorbance may indicate poor dispersion or no dissolved parti-
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Figure 7: UV-Vis absorption spectrum of zinc oxide measured
in two solvents: distilled water and a 60:40 (v/v) mixture of
distilled water and ethanol.

Figure 8: UV-Vis absorbance spectra of zinc oxide samples at
varying concentrations.

cles. However, the broad peak or scattering baseline can indi-
cate nanoparticle aggregation or turbidity.

Figure 8 shows that the absorption spectra of the sunscreen
contain different concentrations of ZnO. After characterizing
the sunscreen samples with different percentages of zinc ox-
ide added using the UV-Visible device, we observed that zinc
oxide significantly enhanced the sunscreen’s protection against
ultraviolet radiation across all wavelengths of ultraviolet rays
by increasing its absorbance [61].

The first sample, which contained 1 ml of zinc oxide, ex-
hibited the least absorption of ultraviolet rays. However, in-
creasing the percentage of zinc oxide in the second sample to
2 ml significantly increased this absorption. The absorption of
sunscreen significantly increased in the third sample, reaching
its peak absorption of ultraviolet rays after increasing the zinc
oxide proportion to 3 ml. However, the absorption of sunscreen
decreased in the fourth sample after increasing the zinc oxide to
4 ml. Increasing the volume ratio of ZnO by 1 mL, 2 mL, and

Figure 9: Variation in SPF values of sunscreen samples as a
function of zinc oxide concentration.

3 mL in sunscreen increased the UV absorption as indicated by
the red, blue, and black curves [62, 63].

By contrast, increasing the volume ratio of ZnO to 4 ml de-
creased the absorbance as shown by the green curve in Figure
8. The unique properties of ZnO NPs or a poorly dissolved
mixture in the sample could be the cause of the sunscreen’s re-
duced UV absorption when the volume of zinc oxide increases
to 4 ml. Alternatively, an increase in UV reflection caused the
absorption to decrease when the zinc oxide reached 4 ml. After
increasing the zinc oxide proportion, we observed an increase
in absorption in most UV wavelength regions, with the UVB
and UVC regions experiencing the best effect, and the UVA re-
gion showing the least effect. We used it to absorb ultraviolet
rays in all regions of the UV wavelength, noting that the average
absorbance ranged from 3 to 4, indicating a good absorption of
UV rays in all areas.

5.3. Sun protection factor (SPF)

The dilute UV method was employed to evaluate the SPF
values of samples with volumes of 1 mL, 2 mL, 3 mL, and 4
mL. These samples had been previously diluted using a 60:40
mixtures of distilled water and ethanol. UV absorbance read-
ings were recorded across the 290–320 nm range, at 5 nm in-
tervals, using a UV-Vis spectrophotometer (Table 2). The Al-
Mansour equation was then applied to calculate the SPF values.
The absorbance values of the various formulas were found be-
tween 290 and 320 nm, and these values were multiplied by the
corresponding EE (λ) values. Their sum was multiplied by the
correction factor.

Table 3 summarizes the SPF values for sunscreen contain-
ing different concentrations of ZnO NPs and Sunscreen SPF30.
The sample containing 1 ml of ZnO had the lowest SPF value
at 29.47868, the second sample had an SPF value of 39.38863,
and the third sample, which contained 3 ml of ZnO NPs, had a
peak SPF value of 39.44397. A decrease in the value of SPF
was also observed in the fourth sample after the increase of
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Table 2: SPF value and absorbance for samples (1ml, 2ml, 3ml and 4ml).

Sample Name 1 ml 2 ml 3 ml 4 ml
Wavelength (nm) Abs SPF Abs SPF Abs SPF Abs SPF

290 2.53583 0.380375 3.91218 0.586827 3.929706 0.589456 3.432081 0.514812
295 2.724328 2.225775 3.922783 3.204913 3.932561 3.212902 3.470883 2.83571
300 2.865462 8.235338 3.922177 11.27234 3.957174 11.37292 3.513244 10.09706
305 2.986163 9.78864 3.947452 12.93974 3.927089 12.87297 3.546132 11.62422
310 3.1052 5.788 3.952774 7.3679 3.956493 7.3749 3.581647 6.67619
315 3.05232 2.55479 3.951164 3.307124 3.95369 3.30923 3.577255 2.99416
320 2.809791 0.505762 3.943313 0.70979 3.95329 0.711592 3.522748 0.634095

SPF value 1ml ZnO 29.47868 2ml ZnO 39.38863 3ml ZnO 39.44397 4ml ZnO 35.37625

Figure 10: Critical wavelength values of sunscreen samples containing zinc oxide.

Table 3: Sun protection factor values of different formulations.

Samples Sun Protection Factor (SPF)
1ml ZnO 29.47868
2ml ZnO 39.38863
3ml ZnO 39.44397
4ml ZnO 35.37625

ZnO NPs to 4 ml, where the SPF value in the fourth sample
was 35.37625.

Table 4: The Critical wavelength values of all samples.

Samples Critical wavelength (nm)
1ml 376
2ml 385.5
3ml 386
4ml 387

5.4. Critical wavelength (CW)

Table 4 and Figure 10 revealed that all samples had a CW
greater than 370 nm and demonstrated good UVA protection. It
was also observed that the increase in the concentration of zinc
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oxide in the sunscreen increases CW.
In the first sample, in the Figure 10(a), 1 ml ZnO was added.

The critical wavelength was 376 nm. With an increase in the
concentration of ZnO in the second sample to 2 ml (Figure
10(b)), the CW value increased to 385.5 nm. In the third sam-
ple (Figure 10(c)), it became The CW value was 386 nm after
increasing the concentration of ZnO to 3 ml, and in the fourth
sample (Figure 10(d)), which had the highest concentration of
zinc oxide, 4 ml, the CW value was 387 nm, which reached the
highest UVA protection.

6. Conclusion

Increasing the concentration of zinc oxide in sunscreen for-
mulations significantly improves their effectiveness in shielding
the skin from harmful ultraviolet (UV) radiation. As the amount
of zinc oxide rises, the sunscreen’s capacity to absorb and scat-
ter UV rays is enhanced, leading to a higher Sun Protection Fac-
tor (SPF) and more comprehensive coverage across both UVA
and UVB wavelengths. Through testing and analysis, a con-
centration of 27.5% zinc oxide has been identified as optimal.
At this level, the sunscreen provides robust protection, partic-
ularly at the critical wavelength—an important benchmark for
evaluating the depth and breadth of UVA defense.

Data availability

All data generated or analysed during this study are in-
cluded in this published.
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